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(54) Reinforcing member with Intersecting support legs 



(57) A reinforced structural member is provided 
which Includes a reinforcing member received In the 
cavity (92) of a structural member (22). The reinforcing 
member (20A) includes a carrier (28) having divergent, 
intersecting legs (54,56) which preferably engage and 
rest upon the structural member (22), a thermally ex- 
pandable reinforcing material (30), and a fastener (32) 
for coupling the reinforcing material (30) to the carrier 
(28). The thermally expandable reinforcing matef ial (30) 
is preferably provided as separate elements positioned 



on the carrier (28), whereby upon activation by heat, the 
expandable material (30) melts, foams and expands so 
that after curing, the structural member (22) is bonded 
to the carrier (28). The shape of the carrier (28) In com- 
bination with the expanded reinforcing material (30) 
serves to stiffen and reinforce the structural member 
(20). The thermally expandable material (30) is prefer- 
ably initially dry and non^tacky, and the fasteners (32) 
serves to maintain the relative position of the reinforcing 
material elements (34,36,38,40) on the carrier (28) prior 
to activation of the reinforcing material (30). 
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Descrfctlon 

BACKGROUND OF THE INVENTION 
Held of the Invention 



to 



IB 
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I0001J This Invention concerns the use of thermally ov Mr «»u- , 

foaming structural reinforcing materials, which art ^^TL^Tl^^ «**™lly expansible 

member giving additional localized stiffness to fra^TS l*T ***** ""«*«C<]na legs to provide a reCcbn 
mern^ Such B rejnfofcing member «**-. fn* and othersbucZ 

where increasedsupportors^ 
-'™°^^ 
Description of the Prior Art 
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[0002] ft has long been recognized that foamahfa s. 

Structural foams, urethanes. an'd ot^e^Cp T 2 toaT ^ ,0 b ° nd -""««• components 

performance and provide structural rigidity. Exa^TesTt^r^ T* U8ed to -^^S; 

fOOOS] While such showings disclose various ' ' 

m^^M^"*' develops! a neod f^e^h^l8fe^re^(tocino^»I^'*^^f• '?> ^'"^"^'"fl' baffling and sealant ap- 

ment to a surrounding structural member. Theuse 7e7ZttZZ ** provicte ^"Jng and reWorot 

acky are preferred in the manufacturing corned SwnTaSl ? *° rcm B ""terials which are initial dry aTnot 
his type of reinforcing material does not Jd^ aa^Tl- ^ SWp P |n B Bnd "a™"** advamaoesTotaSl 
installation, or to other critical surfaces J^Z^t , h ' Pplna COntainer ». to worker* durlno mamSu,? tSS 
7* - « —V retain di 2 oT o^n^t ST "? *« ^ * >X 
adhere to a carrier positioned within the •Iructur^^thSt.r *** wlU not «««VedveraS 

expansion of the reinforcing material. he " ,B to P"*™ the reinforcing merrier p*r To 
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the expansible foaming structural rainforcing^atorJl to l£ SlS ^ * mechani «' 'astening etenWtoTuS 
cervrng the material thereon. The carrier is desfanaJ tf n carri,r inc,udin 9 interaecZT^ w£! 

upon activation to bond to two or mor£ur7a£ W!££!l2r* , » ™ e ™ to 

Place by the fastens, and may be confrgurerWb^e rSirZ"^ ^ * **** «™ ^terSfe^* 

he structure, n^,. ^ ^ ^ pm ^^^^^ material from some segment, of the cavL wfthS 
he foamed structural rainforcing material Thei* > o7m« £2 ^ ^ ^ f Urther stlff8nln 9 * P»Kj 
reinforcing material to be positioned in various IccatL^ r^ ^ ' 8 enabtes ,ne non-tacky suTuctoZ 
materia, may loam, thereby expanding to bo £ JKs£l?,£ ,,B ^ Upon ■*^^2£! 

earner serve to support and position within a ^X^Z^n^T 3 ^ """"Z E52 

tionmg the carrier, an expansible foaming structural reinlorri™^ ha8,W0 or mora intersecting legs f or noai- 

the^ 

the material expands to bond together the carrier to the ZmZZ^TZ*""* BCMvation after expansion 

of different conngurations in cross section, such as pZm a^!* H**""" member - ^ <«gs ofie canteJmwS 

■n^efastenermay be provided separately ora^p^ofT;^" °? 8Ve 8 C ° mt,inatton andamuatesuS 
thematone^^ 

^r b ^^ ina _ ra|mJLer -^ 
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structural member therein with the reinforcing material in engagement with or proximate to the structural member prior 
to activation. 

[OOD6] The reinforcing material is thermally expansible, either by internally created thermal energy or by the external 
application of heat to activate the material. As used herein, the term "thermally expansible" means to foam and thereby 

5 expand by both internally created thermal energy and the external application of heat to expand and loam the reinforcing 
material. The thermally expansible reinforcing material Is preferably a synthetic resin-based material which foams when 
subjected to temperatures achieved during baking In a manufacturing process (e.g., such as during the paint and 
powder coat bake stage ol automobile manufacturing processes). Thus, the expansion temperature of the material 
should be at least about 300"F. 

to [0007] The foregoing advantages to the present invention will be readily appreciated by those skilled in the art with 
reference to the drawings and description which follow, which are Intended to be exemplary rather than limiting. 

BRIEF DESCRIPTION OF THE DRAWINGS 

13 [0008] 

Figure 1 is a plan view of a reinforcing member with the cover of the structural member removed to show the 
positioning of two sections of the reinforcing material held by the pins; 

Fig. 2 is a vertical cross-sectional view taken alone ine 2-2 of Rg. 1 through the reinforcing member and surround. 
20 ing structural member of the present invention, with the expandable reinforcing material provided in sections at- 

tached to the carrier by a pin; 

Fig. 3 is a vertical sectional view taken along fine 3-3 of Fig. 2, with the right sidewall of the structural member 
broken away to show the reinforcing material attached to a sfde leg of the carrier; 

Fig. 4 Is a vertical cross-eectional view of a second embod&nent of the present Invention taken through the rein- 
25 forcing member and surrounding structural member to show an alternate configuration of the carrier including 

upwardly extending upper support legs and divergent legs receiving reinforcing material on the side-facing surfaces 
thereof; 

Fig. 5 is a vertical cross-sectional view of a third embodiment of the Invention taken through the reinforcing member 
and surrounding structural member to show the divergent legs intersecting with a top panel of the carrier and the 
30 reinforcing material positioned thereon; 

Fig. 6 is a vertical sectional view taken along line 6-6 of Rg. 5; 

Fig. 7 Is a plan view of a fourth embodiment of the invention, shown with the floor pan removed to reveal the internal 
construction thereof; 

Fig. 8 is a vertical cross-sectional view taken along fine 8-8 of Fig. 7 showing the carrier having opposite-facing 
33 half-cylinders with fasteners holding the reinforcing material in the U-shaped upper and tower grooves defined 

thereby; 

Rg. 9 Is a vertical cross-sectional view of a fifth embodiment of the invention taken through the reinforcing member 
end surrounding structural member to show a carrier configured similarly to that shown in Fig. 1 and having at- 
tachment tabs along the edges of the upper panel for gripping the reinforcing material positioned thereon; 
to Fig. 10 is a plan view of a sixth embodiment of the invention similar to that shown in Rg. 1 but wherein the fastener 

for holding the material elements to the upper plate of the carrier include bendable tabs located along the side 
margins of the upper plate of the carrier; 

Fig. 11 is a vertical cross-sectional view taken along line 11-11 of Rg. 10; 

Fig. 1 2 is a plan view of a seventh embodiment of the invention showing a carrier configured similarly to that shown 
45 in Fig. 1 and having bendable attachment tabs formed into the upper panel of the carrier interiorly of its edges and 

penetrating through slots provided in and gripping the reinforcing material placed thereon; 
Fig. 13 is a vertical cross-sectional view taken along line 13-13 or Fig. 12, showing the tabs gripping the material 
on the upper plate of the carrier; 

Fig. 14 is a vertical sectional view of a still further embodiment in accordance with the invention similar to the 
50 embodiment of Figs. 1 -3, but with additional expandable material secured to the central upright portion of the carrier; 

Fig. 15 is a vertical sectional view taken along line 1 5-1 5 of Fig. 14; and 

Fig. 16 is a vertical sectional view similar to that of Fig. 15 but depicting the structural member after expansion of 
the structural reinforcing material. 

35 DESCRIPTION OF THE PREFERRED EMBODIMENT 

f 0009] Belerhng now to the drawings, a structural reinforcing member 20 in accordance with the present invention 
is configured for positioning in a structural member 22. The structural member 22 may include, for example, a channel 
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the fusetege or wing o, an J^^SSS^^t ZT* "* " 8 

ponente of floors, walls or celings of a buMng ma " ne Wfcaftona, or as baams or com- 

S-.3^Sl^^ «- « * expand reW orc lftg 

-atena, 30 b preferabry provided as ^^^.^^ 9 ^i e,,a, 30 * ^ 11,8 
28 by respective fasteners 32 In wJ^Z^SSl , J* ^ ^ 40 to ■» csm/r 

permit the materia, elements to expand upTa^cTa^nHT £2T* "«mber 22 to 

I0O11J In greater detail, the cam" * 8 KSSSZ^itl^ T^' mwi *a r ^ andfte canter 28. 
sheet metal sections 42 and 44. Each section « and ^ ^ configured as two interconnected, back-to-back 
pane. 48. The shetves 46 each include T^X^STi!" T?^? '* "wl 
from the shelve, 46 to respective firs, J££Z £Z£ ^^^L^^ K ^ n *^"^S 
of the divergent legs includes an upper elbow SB JfSZIiT St 6 <Cwe ' Be from "Section 57. Each 
hole 62 therein, and an inwarty SZS^^SSSSST "IT™"** extendin 9 » having at least oS 
channel 24. The shelves 46 further tSS!TZ! 22 ^ °" 0pposed inner WB " «"«aoe of the 

end a second, smelter hole 6B spSSn op^no SSZST 66 '° r receivin » ,aste " B ' 32 therethrough 

loholdthecarrte^Stothepte^^^ ^ 
[001 2] The reinforcing material 30 used in th* nr**^. : - 

adhesion upon teaming™* expansion 2^SJSS3?" " ' ? BDn **» n * tart "' « ^tep. 

tivation may be by heating, such as occu" S o rS D lTr^ ^ «*»«<"■ £ 

about 300-F. the thermally expansible reWon*Z*ib^^ 

preferabry etleest about 125%. and more f-^^TSSS^^ i^^T^ * * ^ aboul 40% - 

100 x ffflhe specific gravity of the material 30 before heating) - (the 
specific gravity* the material 30 after heating)] / (the specific gravity 
of the material 30 alter heating)}. 
[001 3] one particularly preferred composition for use « matoH »i ™ , 

forcer (Sika Corporation. Madison Helghte Mfchta™??*^ h Comfnereiall28d under the name SltaReto. 

' ab -« 20^0% by weigh, of a X? T T" - ma,eria ' 3 ° 

5-20% by weigh, of a poryslyrene (e.g.. Fine ejSZStt^SSEtt *" 5a0# > s 
ab« ph eno.A.based liquid W^.^jJS^^e^^^!^^ 90 ^^"^^ 
such as carbon blade up to about 5% bv wefaht h.-=L^» . )l ,,0,nab out 0.5-5% by weightofapiqment 

weight hydrated amorphous silica (HiSfl » Z 1^ mbber < N *" from about SEE 
about 0. 1 -5% by weight of a btowbig f^^^^J^* mfcre »P h *«* (Soot^Rs. S6oK 
and Celogen AZ 1300 ); from abouT 0.oT*% * weS oS « 22* 'i*' Cel ° flen ?65 ® ■ Cete * e " AZ 754aST 
about 0.1-5% by weight of a curing agem ^1 *E£S28E£" * ("405); f™ 

such as zinc oxide to lower the btewingten«erBTu«^»h^! 1 ? 1 °* u P ,08bout S%by weight of a "kicker 
the material taken as 100% by weight tempe,BtUre ' W4h a " percente * weight being based upon tte total weigM of 

*weU^^^ 

rubber, about 4.28% by weigh, hyd ra ted an^ * "utadtene aoytenS 

resin, about 14.75% by weight glass ^7*2 ^ *T Wei9M btephen °' *S epoxy 

««arnide. aboul 0^8% by weight N.N dimethyl ^ * *^ 

applications where increased compressive sTength * Modi «*o»amld.. In certain 

be adjusted such that the pofysiyrene is re<W,o ^S^T 9 ,!1 expansion * «*<nxl. the foregoing may 
about 22.59% by weight, and the butadiene acXiut ^25* ^ W6 ?*' !he SBS btet * «^Vmer is reduced 
[0015J The materia, 30 can be formed by n2g J '° ^ 2 B5% ^ ^ighL 

total amoun,) of the bisphenol A-based Hquid epox^tfm ^JZZT"'^ " 8ma " P ° nten (abo « «>' the 
from about 240-260'F (the temperature of thTnux^ wll ^ unul the temperature of the mixer reaches 

substantial* homogeneous, a, whfch tkne S^SS^SiS^Z ^ ^ ^ ^ 
polystyrene is substantially mixed with the SBS bktek ESliwSEl , mMr a " d mi>u ' n B fe continued. Alter Ihe 
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being thoroughly mixed to obtain a substantially homogeneous mixture. The desired amount of this mixture is placed 
in a heated mixer (set at a temperature of about 250*F) end mixing is commenced. While mixing, the carbon black and 
rubber are added to the mixer and mixing is stopped once a homogeneous mixture is obtained within the mixer. Either 
the silica or glass microspheres is added to the mixer, and mixing is resumed and continued until the mixture is homo- 

5 geneous. This step Is repeated, adding the other of the silica or glass microspheres. 

[0016] The temperature of the mixer Is then set to a temperature below 160*F, the blowing agent(s), catalyses), 
kicker, and curing agent(s) are added and mixing is resumed and continued only until the mixture Is homogeneous. 
The resulting mixture is then preferably extruded into strands (at an extruder temperature of 170-1 80*F and screw 
rotation speeds of about 400 rpm) and cut into pellets. The resulting pellets are injection molded at a temperature of 

io about 180-200°F using injection molding equipment designed to form the desired shape of the portion to be attached 
to the carrier 28. 

[001 7] The material elements 34 and 36 are configured as essentially flat, rectangular shaped pieces sized for receipt 
on the upper panel 46. Each element 34 and 36 includes a circular opening 72 extending to the outer margin of the 
elements 34 and 36 for receipt of the rivet 70 or other fastener therein and radially spaced outwardly therefrom. A hole 

15 74 having a recess 76 is also provided in the elements 34 and 36 for receiving the fastener 32. Illustrated as a nylon 
push pin, therethrough, the head ol the fastener being at least partlaDy received in the recess 76. 
[0018] The material elements 38 and 40 are configured as elongated prisms for mounting on the outward-facing 
sides 78 and 80 of the legs 54 and 56. respectively. The elements 38 and 40 each include an aperture 82 for receiving 
the fastener 32 therethrough, with a depression 84 for facilitating access to the fastener 32 during assembly. The 

so material elements 36 and 40 are oriented to expand and foam during heating to bond the carrier 26 to the sidewalks 
86 and 88, respectively, of the channel 24, while the base 90 of the channel 24 opposite plate 26 is not contacted by 
the expanded reinforcing material. 

[001 9] The reinforcing member 20 is preferably attached to the plate 26 by rivets or the like, the plate is placed on 
the channel 24 so that the reinforcing member 20 is positioned within the cavity 92 defined by the plate and channel. 

25 The structural member is then placed in an oven and baked in an oven at a temperature of at least about 300* F and 
more preferably about 325*F for a period of between about 1 0 to about 30 minutes which causes the material to foam, 
and may be cooled at room temperature end thereafter again placed into the oven for a similar period. After cooling, 
the reinforcing material will have expanded by foaming and bonded to the interior of the structural member as shown 
in Fig. 3, having expanded at least 40%, and more preferably 125%. and most preferably at least about 150%. but less 

30 than about 300% to provide adequate rigidity and compressive strength. As shown by the dashed lines In Fig. 3, the 
resulting reinforced structural member 94 will include the carrier 28 with the intersecting legs bonded by the reinforcing 
material 30 to the surrounding structural member 22 whereby additional stiffness and strength is imparted to the struc- 
tural member without the added weight which would result if the cavity 92 were completely filled with the reinforcing 
material 30. 

35 [0020] Fig. 4 illustrates a second embodiment 20B of the reinforcing member which is similar to that shown in Figs. 
1 -3. with like numbers used to indicate like components. The reinlorcing member 20B includes a modified carrier 96 
of continuous and unitary construction, wherein the upper panel 98 has outer bends 100 and 102 along its lateral 
edges. The upperpanel 96 is held in place by inclined side panels 104 and 106. The divergent legs 1 08 and 110 extend 
downwardly to engage the channel 24 at their respective inwardly turned feet 112 and 114 which may rest against the 

40 channel 24. A vertically shortened web Is provided at waist section 116, whereby the tegs 1 08 and 110 intersect, with 
the waist halves 1 1 8 and 1 20 maintained in contact by a spot weld, a threaded fastener, rivet, or other fastening member. 
The reinforcing member 20B is used as described above with respect to Figs. 1 -3. 

[0021] Figs. 5 and 6 illustrate a third embodiment 20C of the reinforcing member with like numbers used to incficate 
like components. The reinforcing member 20C is similar to that shown in Figs. 1 through 4 but is provided with elongated 

45 supporting legs 122 and 124 wherein the web 52 is eliminated. The legs 122 and 124 are respectively located on 
inverted generaly L-shaped halves 126 and 128 having shelves 1 30 and 132 which form upper plate 4B. The shelves 
and legs intersect at junction 134 which may be provided with spot welds tongftudinaty thereaiong to hold the halves 
1 26 and 1 28 together. The upper plate receives material elements 34 and 36 thereon as described above, but supporting 
legs 122 and 124 receive prism-shaped side material elements 136 and 138 which are slightly increased in height to 

50 ensure sufficient contact with the sidewalk of the channel 24 during expansion. The material elements are held in 
place by nylon push pin fasteners 32 as described above. The reinforcing member 20C is used as described above 
with respect to Figs. 1-8. 

[0022] Figs. 7 and 8 illustrate a fourth embodiment 20D of the reinforcing member of the present invention. The 
carrier 1 40 of the fourth embodiment includes two V-shaped carrier halves 142 and 144, the latter inverted. Each carrier 
55 half includes two divergent legs 146 and 148 intersecting at an apex 150, with the halves 142 and 144 Joined at their 
respective apices by spot welding 1 60 or mechanical fasteners. The material 30 is shown in two prism-shaped upper 
and lower elements 152 and 154 respectively received within the legs 146 and 148 of each haft 142 and 144. Thus, 
upon heating, the upper element 152 foams and expands to contact the plate 26 while the lower element 154 foams 
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StXTr^V^^^r, aSfaSLS 7**"° WW « P-m-shaped e,ementsare 
1h. re.pecBvo tegs 146 of each ha» 148 «JS SnTrSZI "'^"^^^^^^^ybe^neX^ 
respective tegsl4Bot each ha* ,42 and £ £ malerial P>mS^ 

reinforcing member 20F Is similar to the ^SSi^ ber ° nhepreSem,nven ««>n is shown In Flos loan* « tk 
However, instead crferrploymas^rate 1-3 8nd Bk * num ^ are used £ EdkSL i 1"' ^ 

Panel 48, the fastened £Z*2^Z£££?'« *° 

[0025] A seventh embodiment 20G of thereinto^ . escnbedwlh 
The reinto^g merger 20G b suiter 10^^^^ * ?! lm ™*>" * «"«"> Rg. 12andia 

38 and 48 or 136 and 138 me., .£ ^"JEE" ° ,thee ^^'n^r22 8^00^ hi' "J* 
carrier with the sidewads 86 and 88 J^T _ to """eel and bond the deoenZr T 6 eternente 

provided as elements 154 an^ii ! re8peCt to 0,6 «~«"ral reinforcino memL^ * BC ° ent ^ * »» 

how ft, rr» terte , 30 in place prior toheattog * ,he St ™™> "«"!5KiS222 

[0027] Attention is ne« directed to Flo* 14 < e ^. 'asteneis 
similar to the original embedment of Fl£'i « a^coSl"?^ 8 tMm of the Invention whteh „ 

these embodiments. The principal dilfe^L hZ? ^ " ke re,e ™ce numerals are ao^nTl 18 ^ 
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No . 5,266,1 33 to Henley et al. , which is incorporated by reference. Such a material is marketed under the name SikaBaf- 
fle 240 by Sika Corporation. 

[0026] Fig. 1 6 illustrates the configuration of this embodiment after baking. That is, the elements 3440 each expand 
to assume configurations of the type shown at 34a, 36a, 36a and 40a, so that a bonding occurs between adjacent 
5 surfaces of the structural member to provide stiffening and structural support. In addition however, the elements 21 2, 
214 expand to essentially completely fill the void or open space not Tilled by the expansion of the elements 34-40, as 
seen at 21 4a, 212a. The use of such additional, highly expansible elements provides additional support for the structural 
member. 

[0029] Although preferred forms of the invention have been described above, ft is to be recognized that such disdo- 
io sure is by way of illustration only, and should not be utilized in a limiting senso in interpreting the scope of the present 
invention. Obvious modifications to the exemplary embodiments, as hereinabove set forth, could be readily made by 
those skilled In the art without departing from the spirit of the present invention. For example, while the carrier as 
described herein is shown generaly of metal such as steel or aluminum, It may also be provided of nylon or other 
synthetic resin having a melting temperature substantially above the temperature at which the reinforcing material 30 
«5 melts and expands. Additionally, the reinforcing material may be provided of other compositions such as two-component 
foaming compositions which have an exothermic chemical reaction when combined which will react and foam to bond 
the carrier to the structural member after curing. 

(0030] The inventors hereby state their intent to rely on the Doctrine of Equivalents to determine and assess the 
reasonably fair scope of their invention as pertains to any apparatus not materially departing from but outside the literal 
20 scope of the invention as set out in the following claims. 



Claims 

25 1 . A reinforced structural member comprising: 

a channel (24) presenting a base (90) and a pair of generally upright skJewalls (66,88); 
a plate (26) overlying said channel (24) to define a cavity (92) bounded by said channel (24) and said plate (26); 
a carrier (28,96,140,161,184,194) positioned in said cavity (92), said carrier (28,96,140,161,184,194) having 
30 two intersecting divergent legs (54,56,108,110,122 ,124 ,146,148,171 ,172); 

a thermally expansible reinforcing material (30); and 

a lastener (32) coupling said reinforcing material (30) to at least one of said legs (54,58,108, 
110,122,124,146,148,171,172). 

as 2. The member of claim 1 , said reinforcing material (30) comprising an SBS block co-porymer, a polystyrene, a rubber, 
a bisphenol A-based liquid epoxy resin, carbon black, silica, glass microspheres, a blowing agent, a catalyst, and 
a curing agent 

3. The member of claim 1 or 2, there being reinforcing material (30) coupled to both of said legs 
40 (54,56,108,110,122,124,146.148,171,172). 

4. The member of one of the preceding claims, there being reinforcing material (30) coupled to said carrier 
(28,96,140,184,194) above said legs (54,56,108, 110,122,124). 

45 5. The member of one of the preceding clBims, said carrier having an upper shelf (46,130,132) generally transverse 
to said sidewalls (86,88) there being reinforcing material (30) coupled to the face of said shelf (46) remote from 
said legs (54,56.122,124). 

6. The member of one of the preceding claims, said legs each having an elongated foot (64,1 12,1 14) engaging a 
so corresponding portion of said channel (24). 

7. The member of one of the preceding claims, said carrier presenting inclined side panels (104,106) extending 
upwardly from said legs (106.110) and supporting an uppermost panel (98), there being reinforcing material (30) 
secured to the face of said panel (98) remote from said legs (1 08,11 0). 

55 

8. The member of one of claims 1-6, said carrier presenting an uppermost panel (46), said legs (122,124) extending 
downwardly from said panel (4fl) to engage said channel (24). 
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9. The member of one of claims 1-3 said carrier M/ini . 

crossHsectional configuration (142 wilZ ^ 0PP0Sed °' 9e™"% Shaped 

■s wn n«z.i44), there being remforang malerial (30) secured to each of said halves 

13. The member of one of the 
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